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(57) Abstract 



An electroluminescent device in accordance with the present invention includes a first conductive layer (128) having a portion thereof 
for connecting to a gate of a blocking transistor (130) formed on a substrate (102). A dielectric layer (124) is formed on the first conductive 
layer (128), the dielectric layer (124) having a dielectric constant of at least six. A second conductive layer (136) is formed on the dielectric 
layer (124) such that the first and second conductive layers (128, 136) have portions which fomi electrodes of a hold capacitor and the 
dielectric layer (124) provides a capacitor dielectric between the electrodes such that the dielectric layer (124) continuously covers the 
device. A pixel electrode (116) is associated with and coupled to the blocking transistor (130). An electroluminescent stack (118) and a 
transparent electrode (120) are included wherein the electroluminescent stack (1 18) is disposed between the transparent electrode (120) and 
the pixel electrode (116) such that when the blocking transistor (130) is activated the pixel electrode (116) associated therewith illuminates 
and is maintained in an illuminated state by the hold capacitor. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Heizegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TO 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Ttirkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


J^an 


N£ 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d*Ivoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/08324 



PCT/US98/16420 



1 

5 

HIGH CAPACITANCE PIXEL FOR ELECTRONIC DISPLAYS 

GOVERNMENTAL INTEREST 

The U.S. Government through The Advanced Research Projects 
10 Agency, Agreement No. MDA972-95-3-0029, has a paid-up license in this 

invention to practice or have practiced on behalf of the United States the subject 
invention throughout the world. 

RELATED APPLICATION DATA 

15 This application claims priority to Provisional Application Serial 

No. 60/054,854 filed August 6, 1997, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 

2 0 The present invention relates to electroluminescent structures and, 

more particularly, to an active matrix electroluminescent display having a plurality 
of high-performance pixels. 
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2. Description of the Related Art 

Electroluminescent (EL) displays produce light when an alternating 
current (AC) voltage is applied across a phosphor film sandwiched between a pair 
of electrodes. If an organic material is used, a similar structure is employed 
5 however excitation of the organic material is performed in a different manner, for 
example using DC current. Referring to FIG. 1, electroluminescent light originates 
from metal activator atoms that are introduced into a phosphor film 12 and excited 
by energetic electrons as they move across the semi-conducting phosphor film 12. 
Since the phosphors employed have large band gaps, visible radiation produced 

10 (indicated by arrows) passes through film 12 without absorption and out of the 
stack through a transparent electrode 14. 

The typical EL film stack contains two dielectric layers 16 and 18, 
one at each electrode interface, i.e. one for transparent electrode 14 and one for 
electrodes 20. These dielectric layers limit the current through the structure and 

15 prevent a catastrophic breakdown should a phosphor imperfection produce a 
conductive path through film 12. Dielectric layers 16 and 18 also store charge, 
increase the internal electric field and reduce the effective turn-on voltage of the 
phosphor. High dielectric constant films are often used to enhance the effect and 
increase the luminous efficiency of EL displays. 

2 0 Compact high-resolution displays have been produced with on-chip 

scanning and pixel control circuitry. In these "active matrix** displays, the 
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necessary dielertric, phosphor and transparent electrode layers are deposited and 
defined as a single rectangle over the entire pixel array. Referring again to FIG. 1, 
individual pixel electrodes 20 are controlled by switching a transistor 22 which 
blocks the AC phosphor excitation voltage 24 when "ofT* and allows passage 
5 current through the phosphor when "on". Pixel electrodes 20 are positioned 
directly over the controlling transistors, to maximize resolution. 

Referring to FIG. 2, one example of a control circuit is 
schematically shown. The control circuit includes a low voltage access transistor 
32 connected to a data line 34. The state of a pixel 40 is programmed by asserting 

10 a select line 36 to turn on access transistor 32. The voltage on data line 34 is then 
stored onto a hold capacitor 38. A logic signal turns on a blocking transistor 30 to 
thereby allow conduction current to illuminate the pixel. Likewise blocking 
transistor 30 may be turned off by a different logic signal to maintain the pixel in an 
"off' state. Pixel 40 includes two electrodes and an EL stack as described with 

15 reference to FIG. 1. 

Referring again to FIG. 1, in a typical AMEL display, a plurality of 
pixel electrodes 20 are formed as "islands" in a layer insulated from a silicon-on- 
oxide (SOI) structure in which the active semiconductor circuits are formed. 
These semiconductor circuits are connected to the pixel electrodes through 

20 respective contact holes formed in the insulating layer. Electroluminescent (EL) 
stack 12 is formed over the pixel electrodes 20, and this EL stack is a "sandwich" 
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of EL material, typically phosphor, between top 16 and bottom 18 insulated layers. 
A transparent conductive layer forms a transparent elearode 14, which receives 
the high voltage source 24, is provided on top of the EL stack; and this entire thin- 
film structure is on a base or substrate 28 formed of silicon, glass, quartz or other 
5 suitable material. 

Referring again to FIG. 2, in operation, low voltage access 
transistor 32 controls high-voltage (blocking) transistor 30, and the high-volUge 
transistor 30 turns on and "addresses" its associated pixel to illuminate the adjacent 
(or proximate) electroluminescent material in response to a signal received via a 
10 common pixel electrode (transparent electrode 14 of Fig. 1), the signal being in the 
order of 100 to 400 volts (AC or DC). 

Such an overall arrangement is disclosed in a U.S. Patent, No. 
5,485,055 (*055) to T. Keyser and assigned to the assignee of the present 
invention; moreover, in the '055 patent, the array of pixel electrodes has a 
15 uniformly textured surface for an enhanced brightness of the display. The *055 
patent is incorporated herein by reference. 

AMEL display technology is also disclosed in the following 

publications: 

R. Khormaei, ei al,, "1 1 .3: High-Resolution Active-Matrix Electroluminescent 
20 Display," SID 94 DIGEST 137; R. Khormaei, ei al., "42.3: A 1280 x 1024 

Active-Matrix EL Display," SID 95 DIGEST 891; and L. Arbuthnot, et al, "24.3: 
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A 2000-lpi Aaive-Matrix EL Display 374," SID 96 DIGEST, which are all 
incorporated herein by reference. 

In the prior art, active matrix electroluminescent displays depend on 
an internal pixel capacitor or hold capacitor 38 to m^ntain the high voltage 
5 blocking transistor 30 in the desired state between write cycles. For the grounded 
DMOS structure the source of blocking transistor 30 and an electrode of hold 
capacitor 38 are grounded. The conventional method for creating the pixel or hold 
capacitor 38 is to deposit a thin (2000A) layer of oxide between a first metal layer 
and a second metal of the structure wherein each metal layer act as an electrode of 

10 hold capacitor 38. Although this method is reasonably effective for larger pixels, 
for example, 24 jim pixels, as pixel size is reduced, the area available to develop 
the necessary capacitance to maintain the blocking transistor in the specified state 
becomes increasingly small As a result, affected pixels tend to "turn on" when 
written "off* and thereby degrade image quality. 

15 Therefore, a need exists for an active matrix elearoluminescent display 

having a plurality of high-performance pbcels wherein improved capacitance is 
achieved thereby permitting reduced pixel size. 

SUMMARY OF THE INVENTION 

20 The present invention will be described in terms applicable to an 

AMEL for illustrative purposes only and is not intended to limit the applicability of 
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the invention. The present invention finds utility in an active matrix display wherein 
a silicon nitride film, or other high dielectric constant material, is integrated udthin 
the layers of the semiconductor construction. The nitride layer employed here 
provides an at least two-fold capacitance increase for the pixel, enabling a reduced 
5 size pixel, for example, 12 microns. Additionally, when used as a continuous film, 
it affords a more conformal coating, giving improved metal-to-metal isolation, and 
provides an effective diffusion barrier against contamination by species 
inadvertently incorporated during subsequent processing, assembly and operation. 
Another approach separates the two levels of metal to create 

10 regions of thinner and/or higher dielectric constant material over the lower 
capacitor plate (bottom electrode) and deposit thicker and/or lower dielectric 
constant material in the surrounding areas. 

This can be accomplished by depositing a relatively thick dielectric 
layer, applying a photoresist mask to protect the film outside the edges of the 

15 capacitor electrodes and etching back the dielectric layer over the capacitor 
electrodes to the desired thickness. Composite dielectric layers, including a 
relatively thin (2000 A) and/or high dielectric constant base layer and a relatively 
thick (4000 to 8000 A) and/or low dielectric constant top layer, can be employed 
with an etch, which etches the top layer selectively over the base layer, to optimize 

2 0 the capacitance and uniformity of the capacitor. 

Alternatively, the capacitor can be formed by removing all of the 



wo 99/08324 



PCTAJS98/16420 



7 

dielectric exposed over the capacitor plates through the openings in the mask and 
then depositing the desired, thick and/or high dielectric constant film over the 
entire surface or by growing a thin and/or high dielectric constant film on the 
surface of the exposed capacitor electrodes. 
5 An electroluminescent device in accordance with the present 

invention includes a first conductive layer having a portion thereof for connecting 
to a gate of a blocking transistor formed on a substrate. A dielectric layer is 
formed on the first conductive layer, the dielectric layer having a dielectric constant 
of at least six. A second conductive layer is formed on the dielectric layer such 

10 that the first and second conductive layers have portions which form electrodes of 
a hold capacitor and the dielectric layer provides a capacitor dielectric between the 
electrodes such that the dielectric layer continuously covers the device. A pixel 
electrode is associated with and coupled to the blocking transistor. An 
electroluminescent stack and a transparent electrode are included wherein the 

15 electroluminescent stack is disposed between the transparent electrode and the 
pixel electrode such that when the blocking transistor is activated the pixel 
electrode associated therewith illuminates and is maintained in an illuminated state 
by the hold capacitor. 

In alternate embodiments of the electroluminescent device^ the 

20 dielectric layer may include an oxidized portion of the first conductive layer. The 
dielectric layer is preferably between about 500A and about 2000 A, but may be 
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less than about 3000 A.. The dielectric layer may include silicon nitride, oxidized 
silicon nitride, aluminum oxide, titanium oxide or tantalum oxide. A head mount 
display comprising the electroluminescent device may also be included. 

Another electroluminescent device in accordance with the present 
5 invention includes a first conductive layer having a portion thereof for connecting 
to a gate of a blocking transistor formed on a substrate. A composite dielectric 
layer is formed on the first conductive layer. The dielectric layer includes at least 
tv^o sublayers wherein at least one sublayer includes a high dielectric constant of at 
least six. One of the sublayers may be formed by removing a portion of the 

10 thickness of a deposited layer to form a region of thinned dielectric material 

between electrodes. This layer is preferably a lower dielectric constant layer. A 
second conductive layer is formed on the composite dielectric layer such that the 
first and second conductive layers have portions which form electrodes of a hold 
capacitor and the composite dielectric layer provides a capacitor dielectric between 

15 the electrodes such that the high dielectric constant sublayer continuously covers 
the device. A pixel electrode is associated with and coupled to the blocking 
transistor. An electroluminescent stack and a transparent electrode are included 
wherein the electroluminescent stack is disposed between the transparent electrode 
and the pixel electrode such that when the blocking transistor is activated the pixel 

20 electrode associated therewith illuminates and is maintained in an illuminated state 
by the hold capacitor. 
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In alternate embodiments of the electroluminescent device having a 
composite dielectric layer, the composite dielectric layer may include a thinned 
dielearic sublayer between the electrodes. The high dielectric sublayer is 
preferably between about 500A and about 2000 A, and the composite layer is 
5 preferably less than about 3000 A.. The composite dielectric layer may include 
silicon nitride, oxidized silicon nitride, aluminum oxide, titanium oxide or tantalum 
oxide. The electroluminescent device may further include a lower dielectric 
constant sublayer of the composite dielectric layer which includes a lower dielectric 
material than the high dielectric constant sublayer, said lower dielectric sublayer 

10 being disposed about and above lateral sides of the pixel electrode. A head mount 
display comprising the electroluminescent device may also be included. 

In still another electroluminescent device, the device includes a first 
conductive layer having a portion thereof for connecting to a gate of a blocking 
transistor formed on a substrate. A dielectric layer is formed on the first 

15 conductive layer, the dielectric layer including regions of reduced thickness. A 
second conductive layer is formed on the composite dielectric layer such that the 
first and second conductive layers have portions which form electrodes of a hold 
capacitor and the regions of reduced thickness provide a capacitor dielectric 
between the electrodes such that the dielectric layer provides greater capacitance 

20 per unit area for the hold capacitor. A pixel electrode is associated with and 

coupled to the blocking transistor. An electroluminescent stack and a transparent 
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electrode are included wherein the electroluniinescent stack is disposed between 
the transparent electrode and the pixel electrode such that when the blocking 
transistor is activated the pixel electrode associated therewith illuminates and is 
maintained in an illuminated state by the hold capacitor. The regions of reduced 
5 thickness are preferably between about 500A and about 2000 A in thickness. 

These and other objects, features and advantages of the present 
invention will become apparent from the following detailed description of 
illustrative embodiments thereof, which is to be read in connection with the 
accompanying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail in the following description 
of preferred embodiments with reference to the following figures wherein: 

FIG. 1 is a cross-sectional view an active matrix electroluminescent 
15 (AMEL) pixel device in accordance with the prior art; 

FIG. 2 is a schematic diagram of a pixel circuit in accordance with 

the prior art; 

FIG. 3 is a cross*sectionaI view of an AMEL pixel device with a 
high dielectric constant layer functioning as a capacitor dielectric for a hold 
2 0 capacitor in accordance with the present invention; 

FIG. 4 is a cross-sectional view of an AMEL pixel device with a 
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high dielectric constant layer in accordance with the present invention; 

FIGS. S-9 illustrate cross-sectional views of various embodiments 
of an AMEL pixel device with a high capacitance dielectric layer structure having 
improved dielectric charaaeristics in accordance with the present invention; and 
5 FIG. 10 is a top view of an electroluminescent display in accordance 

with the present invention. 

DETAILED DESC RIPTION OF PREFERRED EMBODIMENTS 

This invention relates to active matrix electronic displays, for example, an 
10 active matrix electroluminescent (AMEL) display used for head-mounted display 
(HMD) systems because of their inherent light weight, compactness and rugged 
qualities as well as their low-power characteristics and more particularly, to an 
active matrix electroluminescent display having a plurality of high-performance 
pixels. Active matrix electroluminescent displays depend on an internal pixel 
15 capacitor or hold capacitor to maintain a high vohage blocking device in the 

desired state between write cycles. As pixel size is reduced, the area available to 
develop the necessary capacitance becomes diminishingly small. Affected pixels 
tend to "turn on" when written "ofT'. The present invention includes the 
integration of a high dielectric constant film within the layers of the semiconductor 
20 structure. The high dielectric constant film or layer provides a capacitance increase 
for the pixel electrode and, since the material affords a more conformal coating, 
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gives improved metal-metal yields. In addition, since nitrides are effective diffusion 
barriers, a nitride layer, for example, would reduce the risk of contamination by 
species inadvertently deposited during EL processing or transit. 

Referring now in specific detail to the drawings where like numerals 
5 represent the same or similar elements and initially to FIG. 3, an electroluminescent 
(EL) structure is shown and referred to gen^^ly as structure 100. A substrate 
102 is provided for fabricating an increased capacitance EL pixel electrode 
structure. Substrate 102 is preferably silicon although other suitable materials are 
contemplated. Devices 107 for control circuitry as described above are included 

10 on a device layer 106 and include blocking transistors 130 and access transistors 
132 (shown in HG. 4). 

An insulating layer 104 is formed on substrate 102 to isolate devices 
formed thereon from substrate 102. Insulating layer is preferably formed from 
silicon dioxide or equivalent materials. Device layer 106 is formed on insulating 

15 layer 104. Device layer 106 is preferably silicon. Devices 107 include transistors 
or other semiconductor devices. Transistors and capacitors comprise the control 
circuitry for activating pixel electrode 1 16 as described above with reference to 
FIG. 2. 

A dielectric layer 126 is formed on device layer 106. A conductive 
2 0 layer 1 10 is deposited on dielectric layer 126. Conductive layer 1 10 forms a first 
electrode 108 for a hold capacitor 109. Electrode 108 connects to a gate of a 
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blocking transistor 130 (FIG. 4) used to activate pixel electrode 1 16. Electrode 
108 also connects to one end of access transitor 32 (FIG. 2). A high dielectric 
constant layer 124 is deposited over an entire surface of structure 100 on 
conductive layer 1 10 and another conductive layer 1 12 is formed on dielectric layer 
5 124, A portion of conductive layer 1 12 forms a second electrode 1 1 1 of hold 
capacitor 109. In one embodiment, conductive layer 1 12 can function as a 
capacitor plate and/or a high voltage shield to protect controlling transistors from 
phosphor (EL) excitation signals. Conductive layer 1 12 connects to control 
circuitry, for example, a transistor source, such as blocking transistor 130 (FIG. 4) 

10 source to tie it to ground. 

An interievel dielectric layer 122 is deposited to isolate the control 
circuitry from pixel electrode 116. Dielectric layer 122 is then planarized using 
established chemical-mechanical polishing (CMP) or by providing a sacrificial layer 
and etching it back to provide a planarized surface for the formation of additional 

15 layers as described hereinafter. Vias 1 14 and 115 connect a drain of blocking 
transistor 130 (FIG. 4) in device layer 106 to electrode 1 16. 

An electroluminescent stack 118 and a transparent electrode 120 are 
formed continuously across a surface of the structure 100. Electroluminescent 
stack 118 may include a dielectric layer above and below it to isolate 

20 electroluminescent layer 1 18 from pixel electrode 1 16 and transparent electrode 
120, respectively. Electroluminescent stack 118 preferably includes zinc sulfide. 
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Strontium sulfide or organic materials. For organic materials, electroluminescent 
stack 1 18 does not include dielectric layers above and below it, instead an electron 
transport layer and a hole transport layer sandwich an organic electroluminescent 
layer. 

5 In accordance with the present invention, high dielectric constant 

layer 124 provides a capacitor dielectric between electrodes 1 1 1 and 108. 
Deposited high dielectric constant material may include materials having a 
dielectric constant greater than about 6. Preferred materials include silicon nitride, 
oxidized silicon nitride, aluminum oxide, titanium oxide or tantalum oxide, and 

10 their equivalents. By employing higher dielectric constant materials, the thickness 
may be maintained (which is preferably between about 2000 A to about 3 000 A) 
thereby increasing the capacitance by at least two-fold, if a nitride layer is used, 
without compromising the insulator properties ofthe layer. This permits a 
reduction in pixel size to about 12 microns, for example. Further improvements in 

15 pixel size are contemplated. Advantageously, high dielectric constant layer 124 is 
deposited over the entire surface of structure 100, thereby acting as a difRision 
barrier for later processing and increasing chip yield. 

Referring to FIG. 4, a blocking transistor 130 "blocks" high voltage 
from pixel elearode 1 16 until an access transistor 132 activates blocking transistor 

20 130 to turn "on" pixel elearode 1 16. Blocking transistor 130 is preferably a 
double-diffused metal oxide semiconductor (DMOS) device or high voltage 
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NMOS (n-doped metaJ oxide semiconductor). Access transistor 132 is preferably 
a p-doped metal oxide semiconductor (PMOS) device. Transistors 132 and 130 
include diffusion regions (indicated by n's and p's) which are sources and drains for 
these devices. Pixel electrode 1 16 is coupled to transistors (see FIG. 2) to be 
5 activated by the transistors as described hereinabove. 

A first conductive layer 128 is deposited on interlevel dielectric 
layer 126. Conductive layer 128 includes contacts 134 for creating electrical 
connections to devices in layer 106, such as transistors 130 and 132. First 
conductive layer 128 includes a first plate for an internal pixel or hold capacitor as 

10 described and shown above. A high dielectric constant layer 124 is formed on first 
conductive layer 128. A second conductive layer 136 is formed on dielectric layer 
124. Second conductive layer 136 fiinctions as a second plate for the hold 
capacitor as well as a shield or interconnection layer for control circuitry. First and 
second conduaive layers 128 and 136, respectively may include Tungsten, 

15 Titanium, Molybdenum, Aluminum, their alloys and equivalents. 

High dielectric constant layer 124 is preferably fi-om about 500 A to 
about 2000 A in thickness and extends over the entire surface of structure 150 as 
shown. It may be usefiil to maintain the thickness of layer 124 at about 2000 A to 
about 3000 A in thickness to fiirther increase the isolation properties of the 

2 0 dielectric layer. When used as a continuous film, layer 124 affords a more 

conformal coating, giving improved metal-to-metal isolation between first and 
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second conductive layers 128 and 136, respeaively, and provides an effective 
diiiusion barrier against contamination by species inadvertently incorporated during 
subsequent processing, assembly and operation. 

Second conductive layer 136 has a dielectric layer 138 deposited 
5 thereon. Layer 138 may include silicon dioxide or other dielectric materials known 
in the art. For silicon dioxide, a thickness of between about 8000 A to about 
10,000 A is preferred for layer 138. Additional metal layers 140 may be included 
as needed. Pixel electrode 1 16 connects to blocking transistor 130 which 
functions to turn pixel electrode 1 16 on and off 

10 Referring to FIGS. 5-9, in alternate embodiments, various dielectric 

layers may be implemented to provide improved dielectric characteristics between 
capacitor plates or electrodes. Stepped regions 202 are shown in FIGS. 5-9. 
Stepped portions 202 extend to a height H above a bottom electrode 204. Height 
H is preferably between about 4000 A to about 8000 A. A first conductive layer 

15 205 is constructed includes bottom electrode 204. A second conductive layer 207 
is constructed over a capacitor dielectric material and forms a top electrode 206. 
First conductive layer 205 and second conductive layer may include other 
conductive structures, such as, a dataiine 218. 

Referring to FIG. 5, a top electrode 206 is separated from bottom 

2 0 electrode 204 by a dielectric layer 208 which is deposited over bottom electrode (a 
first capacitor plate). Dielectric layer 208 is etched directly over bottom electrode 
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204 to thin out the dielectric material thereon to a predetermined thickness, for 
example between about 500 A to about 2000 A. By reducing the thickness of layer 
208 direaly over bottom electrode 204, characteristics of a capacitor 208 are 
improved, for example, greater capacitance per unit area is achieved. Further, 
5 since stepped regions 202 are present, a thicker material is present in surrounding 
areas to effectively isolate the first and second metal levels and provide improved 
yield. Also, since a predetermined area of layer 208 is removed over bottom 
electrode 204, the area of the capacitor can be defined more predsely. Layer 208 
preferably includes silicon nitride or silicon oxide, however, other dielectric 

10 materials are contemplated. 

Referring to FIG. 6, a struaure similar to that of FIG. 5 is shown. 
However, dielectric layer 208 is removed completely down to bottom electrode 
204. The exposed bottom electrode 204 is then exposed in a reactive environment 
to form a dielectric barrier 210 on electrode 204. In preferred embodiments, first 

15 conductive layer 205 may include one or aluminum, polysilicon, tungsten, titanium, 
etc. and the reactive environment may include oxygen to form an oxide on 
electrode 204 to form barrier 210. Barrier 210 functions as the capacitor dielectric 
and has all the advantages as described with reference to FIG. 5. 

Referring to FIG. 7, a dielectric layer 214 is conformally deposited 

2 0 over first conductive layer 205 . Dielectric layer 2 1 4 is preferably between about 
500A to about 2000 A. A dielectric layer 216 is formed over dielectric layer 214. 
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Dielectric layer 216 is removed over bottom electrode 204 to permit deposition of 
top electrode 206 in an operative position relative to bottom electrode 204. 
Stepped regions 202 are formed. Dielectric layer 214 is preferably silicon nitride 
however other dielectric materials having a higher dielectric constant as described 
5 herein may be used. Dielectric layer 214 functions as the capacitor dielectric with 
all the benefits as described hereinabove. As shown in FIG. 8, a similar structure 
to that of FIG, 7 may be provided having dielectric layer 214 below dielectric layer 
216. 

Alternately, as shown in FIG. 9, a composite dielectric layer 220 
10 may be implemented by including a relatively thin high dielectric constant layer and 
a thinned out dielectric layer. Layer 220 may include a high dielectric material 222, 
for example silicon nitride, etc. and a thinned dielectric layer 224 having a lower 
dielectric constant material, for example silicon oxide. Layer thicknesses may be 
adjusted (as with all the embodiments described with reference to FIGS. 5-9) to 
15 achieve desired characteristics between electrodes 204 and 206. The capacitance 
and uniformity of the capacitor may be processed by either etching back layer 224 
or growing layer 222 to optimize the capacitance and uniformity of the capacitor 
between electrodes 204 and 206. 

Referring to FIG. 10, a display 300 is shown including structures 
20 1 00 ( 1 50 or 200a-e) in accordance with the present invention. Display 300 

includes a plurality of pixels each having a corresponding electrode as described 
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above. Display 300 includes bonding pads for electrically connecting display 300 
to a controller and a power source ( both not shown) through connector interface 
302. Bonding pads are normally located on the outer perimeter of structure 100 
and connect to wires or metal lines which electrically couple structure 100 to 
5 interface 302. Display 300 receives data signals to be displayed from a controller, 
and is powered by a power source (not shown). Display 300 may be used as a 
wearable monitor in for example, a head mounted display. 

Having described preferred embodiments of improved 
electroluminescent devices (which are intended to be illustrative and not limiting), 

10 it is noted that modifications and variations can be made by persons skilled in the 
art in light of the above teachings. It is therefore to be understood that changes 
may be made in the particular embodiments of the invention disclosed which are 
within the scope and spirit of the invention as outlined by the appended claims. 
Having thus described the invention with the details and particularity required by 

15 the patent laws, what is claimed and desired protected by Letters Patent is set forth 
in the appended claims. 
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WHAT IS CLAIMED IS ; 

1 . An electroluminescent device comprising: 

a first conductive layer having a ponion thereof for connecting to a 
5 gate of a blocking transistor formed on a substrate; 

a dielectric layer formed on the first conductive layer, the dielectric 
layer having a dielectric constant of at least six; 

a second conductive layer formed on the dielectric layer such that 
the first and second conductive layers have portions which form electrodes of a 
10 hold capacitor and the dielectric layer provides a capacitor dielectric between the 
electrodes such that the dielectric layer continuously covers the device; 

a pixel electrode associated with and coupled to the blocking 

transistor; 

an electroluminescent stack; and 
15 a transparent electrode wherein the electroluminescent stack is 

disposed between the transparent electrode and the pixel electrode such that when 
the blocking transistor is activated the pixel electrode associated therewith 
illuminates and is maintained in an illuminated state by the hold capacitor. 

20 2. The electroluminescent device as recited in claim 1, wherein 

the dielectric layer is an oxidized ponion of the first conductive layer. 
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3. The electroluminescent device as recited in claim I, wherein 
the dielectric layer is between about 500A and about 2000 A. 

4. The electroluminescent device as recited in claim 1, wherein 
5 the dielectric layer includes a thickness of less than about 3000 A. 

5. The electroluminescent device as recited in claim 1, wherein 
the dielectric layer includes silicon nitride. 



10 6. The electroluminescent device as recited in claim 1, wherein 

the dielectric layer includes aluminum oxide. 

7. The electroluminescent device as recited in claim 1, wherein 
the dielectric layer includes titanium oxide. 

15 

8. The electroluminescent device as recited in claim 1, wherein 
the dielectric layer includes tantalum oxide. 



9. A head mount display comprising the electroluminescent 
2 0 device as recited in claim 1 . 
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10. An electroluminescent device comprising: 

a first conductive layer having a portion thereof for conneaing to a 
gate of a blocking transistor formed on a substrate; 

a composite dielectric layer formed on the first conductive layer, the 
5 dielectric layer including at least two sublayers v^^herein one sublayer includes a 
high dielectric constant of at least six; 

a second conductive layer formed on the composite dielectric layer 
such that the first and second conductive layers have portions wrhich form 
electrodes of a hold capacitor and the composite dielectric layer provides a 
10 capacitor dielectric betv^een the electrodes such that the high dielectric constant 
sublayer continuously covers the device; 

a pixel electrode associated with and coupled to the blocking 

transistor; 

an electroluminescent stack; and 
15 a transparent electrode wherein the electroluminescent stack is 

disposed between the transparent electrode and the pixel electrode such that when 
the blocking transistor is activated the pixel electrode associated therewith 
illuminates and is maintained in an illuminated state by the hold capacitor. 



20 



1 1 . The electroluminescent device as recited in claim 10, further 
comprises a second sublayer formed from a dielectric material having a dielectric 
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constant less than the high dielectric constant sublayer wherein the second sublayer 
includes a thinned thickness between the electrodes. 

12. The electroluminescent device as recited in claim 1 1, 
5 wherein the thinned thickness is eliminated in a predetermined area between the 
electrodes. 



1 3 . The electroluminescent device as recited in claim 1 0» 
wherein the high dielectric constant sublayer is between about 500A and about 
10 2000 A. . 



14. The electroluminescent device as recited in claim 10, 
wherein the composite dielectric layer includes a thickness of less than about 3000 
A. 

15 

15. The electroluminescent device as recited in claim 10, 
wherein the composite dielectric layer includes silicon nitride. 



20 



16. The electroluminescent device as recited in claim 10, 
wherein the composite dielectric layer includes aluminum oxide. 
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17. The elearoluminescent device as recited in claim 10, 
wherein the composite dielectric layer includes titanium oxide. 

1 8. The electroluminescent device as recited in claim 1 0, 
5 wherein the composite dielectric layer includes tantalum oxide. 

19. A head mount display comprising the electroluminescent 
device as recited in claim 10. 

10 20. The electroluminescent device as recited in claim 10, 

wherein a lower dielectric constant sublayer of the composite dielectric layer 
includes a lower dielectric material than the high dielectric constant sublayer, said 
lower dielectric sublayer being disposed about and above lateral sides of the pixel 
electrode. 

15 

21. An electroluminescent device comprising: 
a first conductive layer having a portion thereof for connecting to a 
gate of a blocking transistor formed on a substrate; 

a composite dielectric layer formed on the first conductive layer, the 
2 0 dielectric layer including regions of reduced thickness; 

a second conductive layer formed on the composite dielectric layer 
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such that the first and second conductive layers have portions which form 
electrodes of a hold capacitor and the regions of reduced thickness provide a 
capacitor dielectric between the electrodes such that the dielectric layer provides 
greater capacitance per unit area for the hold capacitor; 
5 a pixel electrode associated with and coupled to the blocking 

transistor; 

an electroluminescent stack; and 

a transparent electrode wherein the electroluminescent stack is 
disposed between the transparent electrode and the pixel electrode such that when 
10 the blocking transistor is activated the pixel electrode associated therewith 
illuminates and is maintained in an illuminated state by the hold capacitor. 



15 



22. The electroluminescent device as recited in claim 21, 
wherein the regions of reduced thickness are between about 500A and about 2000 
A in thickness. 
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